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The Polarofanhic Deterrination of thc Concentration of ?1eak Acids

Koroh'&.nov, Z.B. Kuznetzcva & . .7 Shcheonnikova,

Z,. and. , a a' > - 10 ,5 51, U. S.S.R.

er o-rdy _ of solutions of difforcnt acids ti'-h t;, droinn
;..2:^cuy c _t:.ze, an, r7ost cases " s-.'.-'-'e of the -.ydrogan ions ic xc

a .zed by the forz.ation of' dLffusion ,aves, For weak acids ir which ahe
• dsscdatiecn is less than 10 the ovement of the ions of h.ydrotn -o t:
surfacu of the cathode occurL because of the diffusion of -he actual i.y zogen
ions and of the diffusion of undissociated molecules of the acid already
unergoi-ng dissociation on te surface of the cathode.

For strong acids, for cxam-zdIe hydrochloric acid, practically the whole
c-; 'rent dc-t"ds on the diffusion of hydrogen ions, as a result of which
dtruct rrooortionalitv is !maintaincd bct -ien the current and the concentration
of the acid. For weak acids both componcnts of the diffusion current may be
cort.ensurate and therefore it is necessary first of all to determire whether a
ltnear relationship is ;-aintaincd bctweecn the concentration of the acid and the
diffusion current. The authors examined the reduction 3f a nuiber of satura-
tee, mono- and dibasic acids, aromatic acids, aino-acids and certain suiphamidc
co-ounds posscssing acid propertics. The solutions tested as base electrolytQ
were 0.IN and 0N hydrochloric acid, 0.IN and 1.ON solutions of potassium

0 hydroxide, 0.11N solutions lithium sulphate .n, chloride, 0.1N potassium chloride
a&.d 0.05N and 0. IN solutions of tctrmnethyla;-ronium iodide. in 'hose cases
where the acids examined were soluble with difficulty in water, alcoholic
solutions werc initially prepared and introduced into an electrolyzer containing
one or another compound as base electrolyte. The concentrations of the acids
examined varied from 1 to 30 r W I. All measuremcnts xw re made in a thermostrnt
at a temperature of 25 +_ 0.20C. The potentials were ;easured with reference to

, the saturated calomel electrode. Dissolved oxygen, in cases where it interf(.rcd
v.h the measurements, was removed by blowing a current of electrolytic hydrogen
through -he solution being analysed for 15 to 20 minutes.

All diffusion currents wore measured with a capillary for which m2/ 3
t/6=

As a...t of the experiments carried out it was establi,-hed that hydrogen
waves in thc weak acids tested arc not nresent uncn solutions of hydrochloric
acid and potassium hydroxide are used as indifferent electrolyte.

In the presence of a considerable excess of hydrochloric acid the dissocia-
tion of the weak acid decreases to a negligibly small value and the hydrogen
wave of the latter is covered by the diffusion wave of tho base electrolyte.

In alkaline solutions, owing to neutralization the concentration of the
hydrogen ions and also of the free acid dirinishes to a very small value.

Here it should be noted that some anions of orgaric acids can be reduced
at the dropping mercury cathode in acid and alkaline solutions. However, the
half-mave potentia'l of the anion as a rule differs from the half-wave potential
of hydrogen of this acid. In addition, as will be shov.,t later, the propor-
tionality coefficient in the equation relating the diffusion current and the
concentration during the reduction of the anion does not depend upon the
dissociation constant of the acid being reduced.

According to the experiments carried out by the authors the half-wave
potential of hydrogpn reduction aepends to some extent on the chemic.,l naturo
of the acid and the concentration of the latter. At the same time the half-
wave potential of hydrogen in all the acids examined is displacc, towards more
negative values by 10-15 mV for a 15-20 fold increase in the cu,.centration of
the acid. Only in the case of succinic acid does the half-wav; potential of
hydrogen reduction remain constao and eqkal to - 1.80 V, Lrespcctivc of the
acid content-in the solution investigated.
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Using solutions of neutral lithium and cotassium salts nr-' also
tr -,yl- -...... ucm odide as base electrolyte the direct _ronorzionaiity

b.t wcen the hydrogern current and the concentration of certain acids Is
.aintained, urovided that. the concentration of the latter is not less than

o-3 ::.

Further-ore, tY authors did no- observe any hydrogen diffusion currents
for very weak acids of which the first dissociation constant is less than !0-.

Better shaped waves are observed when using solutions of tetrasubstitue
salts as indifferent electrolyte.

Figs. I and 2 give some of the plotted polaoTras.

Table 1 gives a summary of the acids investigated, the half-.rave
potentials measured for the reduction of hydrogen and the diffusion current
coefficients calculated by graphs.

Figs.' 3 an5 " the straight lines for some of the acids investigated.

On exazining tL. plotted polarograms and the gra 'uatcd st tlines
drawn according to hesc polarograms, it was noted that the diffusion cr.Irrent
coefficient Kd in the equation:

S=Kdo,

v,,here i d is the diffusion current in microamperes and c, the coiccntration of
the acid in millimols per litre, depends on the firs dissociation constant
of the ac'd.

TABLE I
Half-wave notentials of hdrzocn and values for weak

aci.ds in 0.05 EL )4L as bas'e' clectrslyt,2

Range of Range I First dissociation!
Concentr. variation

Acidexaned Kd constant of the

e x a m i n d 'A Va c i d
'in rnu '. I/2 i !a i

Foric 1-10 1,74-1,85 2,42. 1,77.10 - -
2-15 1,76-1,86i 1,95 1,75.10-5

Isobutyric 3-25 1,81- ,87 1,3 1 ".10 - 5
Isovaleric 3-25 1,75-1,82: 1 6, ' 

-

Chloroacetic -10 1,65-1,71 3,14,4 .I-3
Dichloroacetic 1-5 1,55-1,64, 4,251 5,0 .10 -

Trichloroacetic 1-8 1 57-1,68 4,55 1,3 .10 -

Oxalic 1-8 1,66-1,80 4,45i 5.9 .10-2
Malonic 2-1 A 1 69-1,74i 2,70 1,49.10-3
Tartaric 1-8 1,64-1,77 3,1l 2  1,04.10-3
Citric i-6 1 64.-I 77 3,150, 8,4 .10-4

Malic 1,5-10 1,66-1,74 2,851 3,88.10- 4

1- 1,80 ,86: 2,44 8,70.1,"5Sucini I-9 I ,80 2.63, 6)8.I -

Adipic 2-11 1, 76 -1 ,U 2,071 3,7 .10-
Benzoic 0,9-6 1, 56-,72 1,90 6.3 •i4 -Mandelic 2-1 3 1 ,70-1,78 2, 2, 1,4L . 10 -  1

Gallic 2-6 1,71-1,73 2,33 3,8 .i0-5
Phthalic - 1,60-1,85 3,221 1,3 .
Salicylic 1-9 1,66-1 ,832 80 1,06. io-
Acetylsalicylic 1-7 1,52-1 ,65' 2,00
Anthranilic - ", 3-20 1,52-1, 60 1,40 1,07.10-5
Sulphanil'o 1 1,54, - 6,02.1074
Naphthionic 2 1,42-1,521 - 2,10 - 3

Cinnanic 1,8-7,2 1,96-2 05 1,92 -
N-acetylsulphanilamide 2,3-13,3 2,16-220 1,30 4,2 .10-6
Sulphathiazole 2,04-14,71 1,66-1,74 1 ,21 7,6 .10-8
Sulphazole I ,4-4,5 1,73-1,66 0,1 : ,6 .10-

N-sulphanilyl-sulphanilamide 2,05-7,9 1,70-1,86 0,20 1,, .I0 - 8

Sulphidin 1-2 no, - _-.reducIDle 3,7 -
Sulphanilanidde 1-4 - 3,7 .10 - 0
Boric Acid 1-10 1 - 5,7 •10I
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The . the. dissociation constant the larger the diffusion current

coefficion. Th di-fcrence canot bc ecolained by the change of the

diffusiorc cn since the latter do not differ slgnificantly.

rolbbly, t inrorase in the di'fu. 3icn current with increasing strenth I

of ;hQ acid is link,_d vth an incrcase in the concentratior o the hya_-,7,T-n
iC=n, the latter having a gr-ator mobiLi4 y than the undissociatcd molucues.

For solu.tions of t trnh.. a r.oriurn iodide a s3Lnnle rclationshi n exists

betavcen thc diffusion c-.rent coefficient (Kd) and the logarit-m of thI first

dissociation constant of the acid taken with the oppositc sign (pK) anI S
tx-ressed by the equa=ton:

= .25 - 0.725 pK

This relationship 1z shown graphically in fig. 5 with lKd and pK as co-
ordinates. Separate exprimental values obtained by the authors are marked by

mLmal circles.
can he seen fro: the equation and the diagram that the polarographic

dcteraition of he con, n.ration of acids the dissociation constants of which

are less than 1 0 - 10-8 is difficult. For such acids the hydrogen ion con-

on;tr -ion in the solution Is so small that the polarograpI method becomes
insufficiently senzitixrt

The empirical relationship obtained permits a solution of the problem of

the "aechanism of the reduction of molecules possessing an acid character and

reducible atomic groupings.

When the diffusion current has a half-wave potential of about -1 .6, -I.8V

and is in conforrLfty with equation (I) the reaaction of hydrogen can be assimed.

Obviously this diffusion wave must be absent when solutions of strong acids
a-d alkalis are used as base electrolyte.

It is evident that in the reduction of the anion a diffusion wave may be

observed in acid or alkali media and should not depend on the dissociation
constant of the acid.

According to the experLarents of Neuman and Riabov (1) the anions of some

halogen-acctic acids give diffusion currents of reduction even in alkaline

solutions. However, the half-wave potentials of anions have a somewhat

smaller value than the half-.ave potential of the cathode current of hydrogen
in these acids.

The authors used a polarographic method or analysis for quantitative
act.,zaniution of the concentration of a number of medicinal sulphamide
compounds,

The results of a number of quantitative determinations of disulphane,

sulphazole and suiphathiazole are shown in Table 2.
TABLE 2

Results of quantitat vc determination of
sulhmide compounds
i .... ,, 1Detcrmined

Concentration Relative,:,,,1 i plarograph-

.ubstance in the solution error
Ically

in in %nVl in t

Disu0phane 0-C5 2
3,10 3,05 - ,7
4,20 4,15 -,2
4,80 4,7L -11,3

Sulnhazole 2,1 2,15 +2,4
2,7 2,73 +1,

4,0 3,89 -2,7
4,5 4,40 -2,2

Suiphathiazole 3,92 3,98 +1 ,5
5,85 5,80 -,9
7,45 7,55 +1,3
9,00 9,05 +0,6

Moan + 2.5



I

,PA&E 4

For their determination the authors used calibration curves constructei by
means of standard solutions. In addition, the diffusion coefficient can be
calculated from cquation (1) if suf3iciently z'z!iable data on the aissocia ;cn
constant of the acid are available.

Equation (1) is also suitable for the dcterminaton of the first dissocia-
tion constant of a compoun-d possessing acid nroperties.

Conclusions

!1..It was found that weak acids produce diffusion currents of hydroon wiLz
potentials of about -I.6, -1.8 V only in a background solution of Lndifferont
electrolytes.

2.'Between the diffusion current constant of hydrogen and the dissociation,

constant of weak acid there is a relationship of the form Kd = a + b log y ,

which may be used to calculate the dissociation constant of the acid.

3YIt was established that a linear relationship is maintained between the
diffusion current and the concentration of the acid. ,
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Figures

F I Polarograms of solutions of acids in a base electro"' %'N (CH3)47J:
I- acetic acid, concentr. 156 nmi/1, st .. V.

2) - oxalic acid, concentr. 4.95 n $'l, s4 :ting from 1.2 V;

3) - citric acid, concentr. 7.3) m,/l, starting from 1.2 V;

4) - phthalic acid, concentr. 9.3 mrJ/l,starting from 1.0 V;

Fig. Polarograins of solutions of N-acetylsulphanilaide:

1) - base electrolyte O.IN (CH3)4N1;

2) - concentr. of N-acetylsulphailamide 2.3 mWl;

3) - 3.6 mYnl;

4)- 4.5 Wnvl;
5) - 7.2 m1/l;
6) -13.4 M/l;

F Calibration graphs for solutions of some acids:

line i) - Oxalic acid:

2) - phthalic;

3) - adipic;

4) - acetic

5) - anthranilic.

Pig. Calibration graph for N-acetylsulphanilamide in 0.05N (CH 3 )4 N1 as base

eloctrolyto.

F Relationship between the diffusion current Qoefficient Kd and pK for

weak acids.
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